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FUNDAMENTALS FOR THE DESIGN OF OIL MIST
LUBRICATION SYSTEMS (CONCLUSION)

8. Pytko and K. Bednarek,

Cracow Mining and Metallurgy Institute and "Mostostal
[Bridge Steel]" Cracow, Poland

9. Design Guidelines S /1oh%

9.1. 0il Mist Pressure Gradients in Feed Nozzles

The o011 mist pressure gradient in feed nozzles refers to the
difference between the pressure of the oll mist fed to the nozzles
and the pressure prevalllng at the lubrication poin tifie.g. in a
ball bearing housing). The magnitude of the o0ll mist pressure
gradient in feed nozzles 1s determined as a function of the quan-
tity of oil mist which must be fed to the nozzles at the tu
lubrication points. Under ncrmal operating conditioné, the oil
mist Jubricating system must satisfy the following reguirements
if compressed air is fed to the o0ll mist generators under stabilized

pressure:

a) The compressor gradlient generator in the feed nozzles
must be egual to or greater than the projected value.

b) The speed at which the o0il mist flows through the lines
must be equal to or greater than the projected value which has
" been calculated for the oll mist pressure prevailing 1n the

lines=s.

Cnce the oil mist requlirement for the lubridcated elements has
been determined, the pressure gradient is calculated, which then
makes it p0881b1etxnestabllsh the number and slze of feed nezgzle
openings.. . . i

¥ Numbers in the margin indicate pagination in the Toreign text.
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Proper operation of the feed nozzles requires that the
following minimum pressure gradients for the oll mist be

guaranteed:
1. 01l mist feed nozzles: 50 mm HoO
2o Hurwy Foogy
2. Spray feed nozzles: 200 mm HEO
3. Dripping feed nozzles: 300 mm Ho0

4. Spray feed nozzles for direct spraying
on the elements with a veloclty above 10 m/sec,
operating at temperatures equal to or higher
than those projected: 1000 mm H,0

The performance of feed nozzles as a fiunction of pressure
gradient can be seen from Table 1.

9.2. Selection of 0il Mist Generators

9.2.1. Generator Performance

The quantlty of compressed alr required by the oll mist
generator is equal to the quantity of cil mist whieh is to be fed
to the lubrilicating points through the feed nozzles. The genera-
tor must be selected such that the necessary quantity of oll
mlst 1s supplied to the feed nozzles at the given compressed alr
pressure and the olil mist pressure gradient selected. Generator
performance is defined by the technical characteristics specified
by the manufacturer. Thesperformance of several standarndized
generators is shown 1n Fig. 23 as a function of pressure and of
compressed alr temperature.

A generator must be selected which also possesses a certain
regerve capacity with regard to the quantity of oil mist needed
for the lubricating points.
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TABEE 1. FPERFORMANCE OF FEEﬁ NOZZLES AS A FUNCTION OF OIL MIST
PRESSURE GRADIENT

-~ S e e i ot g ki = e e e — - — -

fFeeo. nozzle ’ : : Nomlnal OUtPUt in dm3/ mln . -
CII e dnr ) N AR ,Vant
i Type of D351gna _Openings - ' Pressure grad;entain"mm a20 openlng
(mozzle™ - tidm: glilgn'- Dy 2gri Length- Arear ©50 125 200 300 500 750 1000 dEame miny
i . \ _ Y ; mm - —m, _;_‘ 1@'-e . . ) ) ] B . . . rﬂm
011 pist © Di-2 1t 0.8 110,500 0,55 0.925: 1,31 1,68 2,21 2,65 3,07 1,2 |
[;‘HOZZ € 7 DN~4 1 1 11 . 07949 1,00 1,870 2,68 2341  4;50 5746 6.27 1.6
, L DM-6 . 1 1:4 1 1,530 1.35 2,800 4,00 5,11 6,72 8,32 9,35 2,0
. Dfippding DX~05 1 R=0.35 10 0,192 = - = 0,35 0,50 0,67 0,81 0.8
..nozzle - DE-1 . "1 R=0,5 10 . 0;391 " - - I = - 0,86 1,17 1,54 1,82 11
X . DE=2+ . 2 RatCh 10 ' 0;782 - - L. 1.73 2,32 3,05 3,66 1:4
DE-3 3 R =05 10 1,173 - - - [ - 2.54 3:50 4.99 5.46 2,0
o DK-4 5 Ra0.5 10 1,955 = - D - 4,17 596 7,58 8,91 2.3
: Dripping. DK-5 6 'R=0,5 10 ' 2,36 - - - 4,98 6,88 8,73 10,30 2.4
L * DKN-6 6 R=05 10 2,346 « - - 3,69 5,18  6.50 7,75 2.4
' fBE&ie 11,7 -5 L2268 | o
| simple . Diz-1 1 0.6 35 -0.281 ' - - 10,50 0,61 0,81 0,98 1,12 0.8
spray - . DNz-2 1 0.9 35 0,636 - - [ 0JB4 1506 1,45 1,84 2.8 1,2
nozzle - PNz-) 1 1.1 35 0,949 - - io1.12 0 168 2,18 2,66 3.13 1.5
DHz-% 1 1,4 35 1:530 - - ;o 2.52 0 3530 4,50 5,54 6,44 2.0
: DNz -8 1 1.7 35 2268 .. - 5,04 6@44 8740 10,36 11,76 2.4
N ngh per— . - : ) ; :
* formance. Piw-1 - 1 1,7 3 2,208 . - ! 3,92 s5.60 7,84 9,80 11,20 2.4
. spray F, = Dlw-2 2 L7 330435936 - 0 - 7,84 10764 15,56 18,76 22,12 3.2°
! ne So Dliw-3 3 157 35 6,804 ~ . =0 i 11,76 15740 2328 27,54 31,92 4,0
Dliw-4 4 137 35 9,072 < - 15.40 20,16 27,72 35.54 41,44 4.8
Miw-5 5 1737 25 11,340, = - 19,04 24564 34,16 §3.40 50,40 5.2
DRve-6 6. 1.7 .35 13,608 < - 22,68 29,40 40,04 50,96 58380 6,0
R Difw=7 7 1.7 35 15,976« - 26.32 33188 45.92 57.68 6720 6.4
I DRw-8 B 1.7 35 18,144 - o - 29.96 38,08 51,52 64.12 75304 6,8 |
o Dhw-3 - 9 1,7 35 20,412 o - 33,88 42,56 56.56 70,28 82704 7.2
, C DEw-10 10 - 1,7 35 22,680 - 37.80 46,76 61.32 75,44 BAIT6 7,6
S Diw-l1 1% 1.7 35 24,984 . - 41.16 51.62 65.80 81.76 9520 8.0
Diw-12 - 12 | 1,7 S5 27.2%2 . - 44.80 55,72 70,56 BG,40 10080 874
DHw-13 13 . 1.7 35 . 29,520 o - 47.88 53;80 74,48 90,00 106{40 8.8 .
14 0, T - - 50.96 61,08 7784 94,36 110;42 8,8 ..

DNwa14 35 31.7es
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Fig. 23. Pefformanceuﬁf standard-~
%%%ﬂ o1l mist generators.

Key: a. Generator outpub;

b. Compressed air; c. Type of
generator; kp = kilogram force
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- 8.2,2. 01l and Alr Presca

“heatling

The quantity of oil
divided into microscopie
oll particles is primarily
a function of o0ll viscosity
and temperature. When olls
with a viscosity of 300
to 500 ¢St are atomized at
a temperature of 38°C, we
obtain an oil/air ratio
of 4 mm3 o0il in 1 dm3 air.
The approximate o0il and
corpressed gir preheating
required to allow an oll/
/air ratio of 4 mm3/dm3
in an oll mist generator and
satisfactory operation of
the feed nozzles can be
seen in Fig. 24 as a func-
tion of o1l viscosity and
ambient temperature.

A number of remarks
should be made concerning
the graph:

1. If operating condltions for the generator are below

line I, no oll and compressed alr preheating is necessary.

2. Between llnes I and II, 1t 1s necessary to preheat the

0il to the temperature delimited by line I. In practice, the
0il ls preheated to a temperature of 32 to 38°C. Generators which

cperate at ambient femperatures below 5°C must always be equipped'

with oil preheaters.
4
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Fig. 24. Operating graph for air
and oill preheating.

Key: a. 0il viscosity; b. Ambient
temperature

'3, (Generators whose

- eperating conditions lie

above line II require oil
and comprésSéd air prew
heating. The oil must be
prehéated to the temperature
determined by line I; the
temperature for compressed
alr preheating ls deter-
mined by line II. If the
intersection of oil
viscosity and ambient tem-
perature should lle above
line V (but below line

IV), the compressed air
preheating temperature can
likewise be read off on
line IT; this point must be
found on line 1Y along
curves V to XV.

4. Line III determines the minimum ambient temperature for

condensation feed nozzles.

5. Line IV determines the minimum temperature for spray
feed nozzles with an opening diameter of 1.7 mm.

6. The minimum ambilent temperatures for spray and mist nozzles

with opening dlameters of less than 1.7 mm are located between
linesiIII and IV and are a function of diameter.

9.2.3. 0il Refill . Times for Generators

0il refill times are calculated for generators which operate
with a nominal oil/air ratio (4 mm3 oil in 1 dm3 alr)wiith the

followingi formulae:



a) Generators with alr preheating;

¢ = ¥/Q-4000 h
b) Generators without air preheating:

C = V/Q-2000h

where C = operating time of generator between fillings 1n h
V = generator tank capacity in dm3
Q = generator output in dm3/min.

Longer refill fimes than 200 hours are not recommended.
The capaclity of oill tanks for mist generators is calculated with
the feollowing formula:

V = 0.25°C+Q/1000 dm3

where V = tank capacity in dm3
Ctl= generator operating time between fillings in h

Q' = generatof output in dm3/min.

9.3. Selection of the Type of 01l and Viscosity

The following types of oil are used 1in oil mist lubricating
systems:

1. If EP olls are not expressly demanded, the following are
used:

a) turbine oils for all industrial units,

b) motor oils for self-propelled units.



2. If EP oils are requlired, gearbdx olls areauseéd which are
sultable for industrial and automotive gearboxes and can be
atomized well.

Special olls are also belng put on the markeﬂ*for bl mist
lubrication, however. O0il viscosity is determined on the basis
of the following principles:

1. At normal ambient temperature, oils with a viscosity of
107 to 148 ¢St/38°C are used for most gears.

2. At lower ambilent temperatures, oils of 41 to 107 ¢St/38°C
are used.

3. At very low amblient temperatures, olls of 7.3 to 63.6 ¢St/
/38°C are used for ball bearings with high tangential velocities.

4, 0ils with a viscosity of 148 to 213 ¢3t/38°C are used
to lubricate elements under very heavy loads.

5. 0ils with a viscosity of 317 to 481 ¢St/38°C are used
for machinery elements with large dimenslons and severe operating
condltions.

6. 0ils with a viscosity of 577 to 2258 ¢St/38°C are used

for large, slowtmoving, semienclosed gears.
The following must also be btbserved:
1. 0ils with suspended sollds, e.g. graphite, cannot be
used without approval of the manufacturer, since they must satisfy

speclal storage conditions.

2. Sillicone cils can only be added in a ratio of 1:200,000.



3. 0ils with active EP additivesishould only be used with
great cautlon, since chemical reactions can occur in contact with
an oll preheater.

4. Detergents, which have the ability of removing deposits
that can form in bearings operating at relatively high temperatures,
may not be added to EP olls. The same applies to additives
meant to increase oill viscosity and thereby reduce excess mist
formation. A number of such additives can also cause appreclable
condensation of the 01l microparticles in lines and thus produce
an excessive drop In the mist's oil content.

9.4. Determiningithe Dimensions of Compressed A##¥ and 0il Mist
Lines

9.4,1. Compressed Alr Lines

The following materials are recommended for compressed air
lines:

~— galvanlzed steel tubing

~~ copper tubing

~- anodized aluminum tubing
~— rubber or plastic hose.

Table 2 shows the pressure drop during the passage of com-
pressed air at 7 kg/cm? through a 30 m long section of line as ap
function of inside diameter and air flow rate. Since the com-
pressed alr usuvally contains impurities (rust, scale, etc}!) and
water vapor, 1t is necessary to install screen filters with meshes

of 25 to 40 um and water separators downstream from them.



TABLE 2. PRESSURE DROPS IN COMPRESSED AIR LINES

' Flow rate . Pressure drop over a 30-m
if dm3/min_ . section, in ko fem2; ;
at 7 ka/cmd In51ue‘a1ameter of llne,

‘ S if mm.
h 7 9 12 16 21
Y 0,14 - - - .
Loz 0.3% 0.07 - - -
P96 © .12 0.21 0,07 - -
{4200 -7 0.91 021 0,07 =~
{60 - 1.61 0,35 0.14 =

¢ 980 - - 0.98 0,28 0,07

1260 e - 1.61 0,49 0.14
! 2800 - - - 2.31 0,56

The generator feed line should have a larger dlameter than
the connecting opening in the generator.

Compressed alr pressure should be correspondingly higher 1in
order to cover the pressure losses which cecur 1in the installied
units (filters, water separators, shutoff and reduction valves,

ete. ).

9.4,2., 0il Mist Lines

The same materials as used for compressed alr lines can be
used for the o0il mist lines, but ungalvanized steel tubling can
also be used. The latter must be coated with rust-inhibiting
paint and covered wilth oll prior to the introduction of oil mist,
however. In view of the relatively low il mist pressure, it is
not necessary to use such materials as hemp, varnish, ete. for
gsealing, particularly since these can block the openings of the

feed nozzles.

The line should be deSigned In such a manner that ag little
0il partlcle condensation as possible cccurs and free movement of
the condensed 0ll to the generator tank 1s ensured.

~
—
(e}
1



A maximum oil mist veloclty of 5 m/s in the lines is recom-
merided. At higher flow velocities, excessive condensation of the
0il microparticles occurs and it is not easy to keep oil mist
pressure constant. The oll mist fed to condensationtor spray
nozzles can have higher flow rates than 5 m/s, but only 1n the
lines which connect the nozzles with the main line and have 1lnside
diametersof less than 4.5 mm. The purpose of using higher oil
mist flow velocities is to remove condensed oll microparticles
from the lines and transport them to the lubricatlon points.

The lines should be dimensioned s¢ that pressure drops from
the generator to each feed nozzle are equivalent. The maxilmum
1ine lengths to be recommended are shown in Table 3 for a number
of inside diameters and flow rates for which the pressure drops
do not exceed 20% of cil mist pressure. Lines of longer length
can only be used after thelr flow resistances are checked.

TABLE 3. RECOMMENDED OIL MIST LINE LENGTHS

‘ ' “Inside . ~Cross. = Maximum Maximum’' '
i diameter’ section: Flow rate ‘line length
foLomm e Tam?t dmd/min R
P 5.6+ .

o2 A 3i1ay P80
P4 15,9 s P1205
ST 38,5 16 .6
I 90.2 20,5 7.5
9 63.6 29 Son
S N - 95 40.5 . 15 .
12,5 122.7 . 53.5 18
L1545 188,7 85 23
-2l 346 . 150 © 30,5
LT 572 244 © 38
v35 To962 - 420 49
N 1320 - 575 S8

© 53 2206 940 73

" 63 3T, 1342 - 13

' 18 4718 2080 T3

+ For one nozzle
| ++ Fo¥ twe nozzles .
t P 0il mist pressure in mm Hp0

10



Explanation of Table 3:

1. The table has been compiled for an oll mist pressure
of more than 400 mm H,0. For 6l mist pressures of 150 to 40O mm
Ho0O and for pressures below 150 mm H20 in simpde systems, the
line lengths or flow rates must be divided by two.

2. The table assumes a minimum number of elbows, branches
and other fittings. The major portion of the line must consist
of straight sections. A change in the mist's direction of flow
in the line causes condensation of the o0il microparticles and
also pressure drops corresponding to those over very long, straight
lines.

3. The lines in a lubricating system should have a maximum
of three different diameters.

b, In systems with compressed air preheating, this table
can only be applied if the differences in ambient temperature at
different lubricating points are not very great. If great dif-
ferences in amblent temperature exlist, large differences occur
in sfleed nozzle output. The table dlscussed here can be
applled to systems with compressed air preheating if at least
one of the following conditions is satisfied: '

a) Compressed alr temperature should not exceed ambient
temperature by more than 40°.

b) The distance from the generator to each feed nozzle
must be as uniform as possible.

¢) All feed nozzles should be installed at a distance
from the generator which is greater than that caleculated
from the foliowing formula:

11



L = T.d4/450,

wherewlL = line length in mm
T = compressed air temperature in °C
d = Inside diameterwof line in mm.

If the system does not satisfy conditiohrs a), b), or c), all
lines must be heated in order to maintain the same temperature
in all feed nozzles.

5. It has been assumed that the difference in o0il mist
bressure in the lines dces not exceed 20% of nominal pressure.

It 1s likewlse important to determine line slope and inside
diameter. Minimum inside diameter for the o0il mist line can be
calculated from the following formula:

d = 1.7/Q
where d = inside line diameter in mm
Q = mist flow rate in dm3/min.

Taple 4 glves the recommended slopes of o0il mist lines to
provide regular removal of condensed oll to the generator or other
tanks.

TABLE 4., SLOPE OF OIL MIST LINE

| 011 vis- Slope of .Iire in

. cesity Minimim amblent. temp.inog
L, =18 0 0 10 25 3a
3,0 2.4 2,1
4.1 3.0 2.5
4,6 3.7 2,9 -
EX WA
65 5,1 2.0
88 61749
10,4 7.1 5,4
C 14,4 9,0, 6,7

12



Expianation of Table &4:

1. A line &8lope of 1% means that the line rises 10 mm over
a length of 1000 mm.

2. The table is applied if the direction of o0ll condensate
flow is opposite to the flow of mist.

3. If the oil condensate flows off in the directlon in
which the o0il mist flows, however, a line slope 18 not necessary;
rather, it is then laid horizontally. Collecting tanks with
drainage openings are set up for periodic oil condensate removal.
The distance between dralnage tanks should not be greater than
300 tlmes line diameter. The condensed oll can also be fed to
the lubrication pecints.

4. The table applies to lubrication systems in continious
operation. In systems whose ¢peration 1s interrupted once or
twilce in 24 hours, half the indicated line slope 1s used.

The primary line should 1n any case be Inc¢lined toward the
generator 1n order to allow the condensed 0il mlcroparticles to
drain into the tank. BSince the condensation of o0il particles
usually occurs at the beginning of the line, i.e., downstream
from the generator, the gradient of this section is particularly
important.

The accuﬁulation of relatively large gquantities of condensed
o0l1l in so-called "pockets™ in the oil line must be avolded.
Although small "oll pockets" do not completely shut off the flow
of oil mist, they cause pressure drops whlch reduce the flow of
0il mist to the lubrication points. If resistance in the %"eil

pocket" is equal to or greater than oil mist pressure, flow is
cut off completely.

13
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Fig. 25.

Schematic of a line system.

Key: a. Mist dlstributor; b. Lay on
top to avold formation of "olil poc:
kets"; c¢. 01l pressure transmit= -
ter; .d. Vent; €. Connect at bottom;
f Line for used oll; g. Qontrol desk;
h kines for used mist, i’. Mist
pressure gauge; j'. Sloped section of
primary line {(do not make connections
to this seetidén from below); k. 01l
mist generator; 1. Compressed air
supply; m. Tank for used oil.

If the line which
feeds the nozzles 1s
inelined towarddthe
primary line, it must
connect to the primary
1line from above 80 no
"oil pockets" can be
The "oil poc-
kets" practically never

formed.

form in sectionswof

line connecting the feed
nozzle to the primary
line if inside diameter
is less than 4.5 mm and
0il mist pressure is
more than 200 mm H,0.

In order to prevent

"oil pocket" formation,
01l mist drainage should
cccur at the lowest
point in the line. If
it 1s not feasible to
avold "oll pocket"
formation but free
discharge of the oll to
the outside is possible,
an opening with a diam-
eter of 1.2 mm is made
at the lowest point in
the line, through which
the condensed o0ll can drain.

If free drainage of the condensed oll to the outside is

not possible, a tank with lines must be installed to collect the

14



ohd.txThe tank is connected to the lowest-lying points on the
0oil mist 1line. Tubing with the following inside diameters is
used for this purpose:

3.7 mm in systems wlthout compressed alr preheating,
6.3 mm in systems with compressed air preheating.

To avoid the development of backpressure 1n the lines which
drain off the condensate, a vent with a diameter of 1.2 mm is
provided in the collecting tank. If this is not feasible, the
dlameter of the line for condensed oll drainage must be 9.5 mm

or more.

A typical system of lines for oil mist and compressed air

is shown in Fig. 25.

1 15
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